Adhesives based on the dimerized fatty acid (DFA) belong to an important line of research in the field of polyamide adhesives [1][2][3]. The basic component of these melt adhesives (MAs) is polyamides prepared from DFA, di-and triamines, and mono-and dicarboxylic acids [4][5][6]. Despite the high cost of these melt adhesives, these compounds have found wide use in the engineering and instrument-making industries owing to their excellent mechanical characteristics. In order to widen the scope of application areas of these expensive products, filled thermoplastic adhesives (melt adhesives) have been developed. Along with reduction in the cost of polyamide MAs via incorporation of fillers and decrease in the amount of the polymer used, the goal of this study was to design modern thermoplastic adhesives that possess a new combination of engineering and service characteristics different from characteristics of the original thermoplastics but preserve their important individual features. It was anticipated that the incorporation of fillers will improve the adhesive behavior of melt adhesives and will widen the temperature range of their application.
Adhesives based on the dimerized fatty acid (DFA) belong to an important line of research in the field of polyamide adhesives [1] [2] [3] . The basic component of these melt adhesives (MAs) is polyamides prepared from DFA, di-and triamines, and mono-and dicarboxylic acids [4] [5] [6] . Despite the high cost of these melt adhesives, these compounds have found wide use in the engineering and instrument-making industries owing to their excellent mechanical characteristics. In order to widen the scope of application areas of these expensive products, filled thermoplastic adhesives (melt adhesives) have been developed. Along with reduction in the cost of polyamide MAs via incorporation of fillers and decrease in the amount of the polymer used, the goal of this study was to design modern thermoplastic adhesives that possess a new combination of engineering and service characteristics different from characteristics of the original thermoplastics but preserve their important individual features. It was anticipated that the incorporation of fillers will improve the adhesive behavior of melt adhesives and will widen the temperature range of their application.
Adhesives based on DFA combine low melt viscosity with quickness of fastening and ensure formation of strong and water and chemically resistant adhesive joints.
Original dimerized fatty acids are produced through the thermal polymerization of natural plant oils (linseed, soybean, tall, and tung oils). Reactions of diene synthesis, isomerization of double bonds, free-radical addition and recombination reactions that proceed in the course of this polymerization afford products composed of a mixture of dimers, trimers, and higher polybasic acids (monomers) [7, 8] . The presence of a bulky alkylene block in a DFA molecule determines elasticity, water resistance, chemical stability, tack, and softening temperature of these products. Therefore, in the preparation of the polyamide base of melt adhesives, it is advisable to use an acid characterized by a high content of dimers and a certain trimer-to-monomer ratio. On the basis of these considerations, polyamides were prepared from DFA of the Pripol 1017 Dimer Acid brand of the following composition: dimers (C 36 ), 75-80 wt %; trimers (C 54 and higher); 18-22 wt %; and monomers (C 18 ), 1-3 wt %. Hexamethylenediamine (HMDA) or diethylenetriamine (DETA) were employed as amine components. Synthesis was performed as described in [9, 10] .
It was shown that a change in the equivalent ratio of the original components in the DFA-amine system and the use of amines of various chemistry significantly affects the course of interaction and properties of the final products. The interaction of corresponding equivalent DFA-to-HMDA or DFA-to-DETA ratio yielded two types of polyamides of the following general formula:
where R = (CH 2 ) 6 and R 2 = C 34 H 62 , Type I; R = C 2 H 4 NHC 2 H 4 and R 2 = C 34 H 62 , Type II; n = 3-30. Table 1 lists the properties of these compounds. It is seen that, in the case of diethylenetriamine, the molecular masses and softening temperatures of the products decrease, while the tack of the thermoplastics increases. This change in characteristics relative to those of polymers prepared with the use of hexamethylenediamine may be explained by the structural features of DETA.
It was of interest to examine how the use of another dicarboxylic acid (sebacic acid) instead of DFA affects the properties of the resulting compounds. As a result, a number of copolyamides having increased molecular mass and softening temperature of the products compared to similar polyamides prepared in the absence of sebacic acid were synthesized. The structure and properties of copolyamides synthesized from two dicarboxylic acids and corresponding polyamines are outlined below ( and R 3 = (CH 2 ) 8 Type IV; n = 3-30.
Filled Melt Adhesives
At the selected equivalent ratios of dicarboxylic acids and amines, the resulting poly-and copolyamides contained terminal amine groups. The stabilization of these compounds with acetic acid allowed preparation of stable products whose structure and properties remain unchanged during their application as adhesives.
It is known [13] [14] [15] that the employment of various fillers facilitates improvement of mechanical and engineering characteristics of polyamide adhesives and widens the scope of their application. Therefore, alumina (III) (technical specifications (TU) 6-09-3916-75), barium sulfate (GOST (Russian State Standard) 3158-75), fine chalk (TU 574314-002-2956580-95), copper powder (GOST 4960-75), wollastonite (calcium silicate) of trade marks NordKalk FW-70 (the mean size of particles is not higher than 90 µ m), FW-325 (the mean size of particles is not higher than 13 µ m), and WIC-10 (the mean size of particles is not higher than 4.5 µ m), and a nanopowder composed of an amorphous carbon, carbon nanofibers, and nanotubes with a diameter of 20 − 200 nm were used as fillers of polyamide melt adhesives.
As is known [16, 17] , alumina is widely used to render polymer formulations nonflammable and fire-resistant properties and to reduce smoke formation during their burning. Along with low cost and nontoxicity, valuable properties of chalk (calcium carbonate) are easiness of filler particle distribution in the thermoplastic bulk, thermal stability, and inability to increase the rigidity of polymer materials even at high filling degrees. The employment of barium sulfate imparts high density and chemical resistance to adhesive formulations and increases their cure rate. Upon incorporation of wollastonite, which is distinguished by the needle shape of crystals, the stability of adhesives to the action of UV light and water increases. Furthermore, high bending and tensile strengths of adhesive joints are achieved.
The goal of this study was clarify how the softening temperature and the temperature of adhesive deposition, as well as the shear strength of the adhesive joints, are influenced by the filling degree of the adhesive formulation.
A filler in an amount of 5-50 wt % (0.5-1.5 wt % nanopowder) was added to the melt (to 150-180 ° C) polyamide, and the mixture was stirred for 5-10 min 
